Aim: There have been concerns about the increase in problematic Internet use (PIU) and its impact on lifestyle habits and health-related symptoms, given the rapid spread of smartphones. This study aimed to clarify PIU prevalence over 3 years in the same area and investigate lifestyle and health-related factors related to PIU among junior highschool students in Japan.
As part of the progress made in the field of information and communication technology in recent years, the Internet has offered many societal benefits, such as its usefulness as a tool for learning. Nevertheless, adverse effects of technology, such as Internet addiction or problematic Internet use (PIU), are becoming social concerns. Although 'Internet gaming disorder' has been included as a condition for further study in the DSM-5, 1 the definition of 'Internet addiction' or PIU has not yet been definitively established. Among the reasons, some claim that people become addicted not to the medium itself but to online activities or that evidence regarding PIU is lacking compared with Internet gaming disorder. 2 In this study, those with a score of 40 or higher on Young's Internet Addiction Test (IAT) were defined as showing PIU. Studies on the negative health effects of PIU, such as sleep deprivation 3 and visual display terminal syndrome 4 or poor academic performance and school refusal, have been reported. 5 Previous studies have also suggested that PIU co-occurs with a broad range of psychiatric disorders, including attention deficit hyperactivity disorder, impulse control disorders, and depression. [6] [7] [8] [9] [10] Such findings are clinically important. Moreover, adolescents have been reported to be especially vulnerable to behavioral control, because of the tremendous emotional and social stress experienced in this period, as well as structural and functional developmental changes in the brain. 10, 11 Since 2012, the ownership rate of multifunctional and highperformance smartphones has increased rapidly among adolescent students in Japan, with junior high-school students approaching 51.7% and that among high-school students approaching 94.8% of all students in 2016. 12 As smartphones can connect to the Internet anytime and anywhere, there have been concerns that the prevalence of PIU among adolescent students will rise, although the Japan Pediatric Health Care Council proposed recommendations for ICT issues among children in 2015. 13 We hypothesized that PIU is on an increasing trend. However, few studies have investigated the PIU trend in the same area in Japan.
Given the current status of PIU among junior high-school students in Japan, a large-scale survey to obtain descriptive statistics was conducted by the Ministry of Health, Labour and Welfare in 2012 but investigations of PIU and its related factors have been limited in Japan. A correlation between PIU and Internet time has been reported, 14 and PIU might be related to the lifestyle of junior highschool students because prolonged use of the Internet takes time away from activities, such as sleep, exercise, and studying. Although Kawabe et al. reported that PIU was related to the mental health of junior high-school students in the suburbs of Ehime, 16 studies on its relationship with lifestyle habits, such as sleep and study time, that might lead to the early detection of junior high-school students with PIU have been scarce. Moreover, PIU may be related to orthostatic dysregulation (OD), 'a functional physical disorder with an impairment of circulatory adjustment against gravitational stress because of dysregulation of the autonomic nervous system.' 17, 18 The main factors of OD have been thought to be psychological stress and changes in adolescents' hormone balance. 17, 18 A previous study reported that patients with circadian rhythm sleep disorder showed high complications with OD, 19 suggesting a link between circadian rhythm and cardiac autonomic control. Therefore, OD might be related to PIU, since PIU has been reported to be associated with sleep disorders. 3 We hypothesized that PIU would be associated with lifestyle variables and health-related symptoms, including depressive and OD symptoms. It would be clinically important to determine the association between PIU and lifestyle variables and health-related symptoms for early identification and prevention of the potential health-related outcomes of PIU.
This study aimed to clarify the PIU prevalence over 3 years in the same area in Japan and to investigate lifestyle and health-related factors related to PIU among junior high-school students in Japan.
Methods
Participants and procedure Each year from 2014 through 2016, a descriptive survey was conducted among all junior high-school students in Koshu, a rural area (population, 30 000) located in the northeastern part of Yamanashi Prefecture. We asked a total of 2949 students to complete questionnaires during class, which were explained and collected by a teacher. Informed assent for students was acquired by self-reported questionnaires, and the parents or guardians were provided the opportunity to opt out of participation in this study. A total of 2887 students (2014, n = 979; 2015, n = 968; 2016, n = 940) responded to the questionnaires; the response rate was 97.9%. The age range was 12-15 years, and the percentage of boys was 49.8%. This study was approved by the ethical review board of the University of Yamanashi School of Medicine.
Measures
The study's questionnaires consisted of items pertaining to: (i) students' demographic characteristics (sex and year in school), (ii) Internet use (Internet activities, rules with parents when using the Internet, ownership of a mobile phone, including a smartphone, and duration of weekday Internet use), (iii) lifestyle habits (degree of sleepiness after awakening in the morning, skipping breakfast, exercise habits, weekday study time, bedtime), (iv) and the presence (or not) of a 'person of trust to talk to,' to whom students can talk about troubles, such as family members, teachers, or friends. Questions on lifestyle habits were based on a previous report conducted by the Ministry of Education, Culture, Sports, Science and Technology in Japan. 20 Regarding Internet activities, we asked a multiple-answer question on the purposes of Internet use. The multiple-answer question included online gaming, social networking (e.g., LINE and Twitter), video downloading (e.g., YouTube), personal website browsing or blogging, and online shopping, which were the main purposes of Internet use using mobile phones, including smartphones, according to a survey of Japanese telecom use in 2013. 21 Facebook or Instagram were not included because they were less commonly used among Japanese teenagers at the time. 22 The instruments used in this study included the IAT, 23 ,24 the Birleson Depression Self-Rating Scale (DSRS), 25, 26 and the 11 OD Symptom Items. 17, 18 Although the IAT has some problems (e.g., some items are not clearly related to addiction and are not applicable to the general population), 27 it has been widely used globally and offers comparisons with many academic studies; therefore, we used it in this study. The IAT consists of 20 questions regarding Internet use with good reliability and validity, 23, 24 although they have not yet been well validated for the Japanese population. The Japanese version of the IAT in this study was adapted from the survey by the Ministry of Internal Affairs and Communications. 22 Each question is scored on a 5-point scale ranging from 1 to 5, with the total score ranging from 20-100 points, and excellent reliability was reported in university and college students (Cronbach's alpha of 0.91 to 0.92). 28, 29 We assessed the severity of PIU using Young's original cut-off points: respondents with scores ≥70 points were classified as 'severe PIU,' those with scores of 69-40 were classified as 'mild PIU,' and those with scores of ≤39 were classified as 'normal.' 23, 24 Depressive symptoms were evaluated using a Japanese-language version of the DSRS, which has a total score ranging from 0 to 36 25, 26 with good reliability reported in elementary and middle school students (Cronbach's alpha of 0.77 to 0.84). 26, 30 Respondents with a score ≥16 were categorized as having 'depressive symptoms.' 26 Symptoms of OD were evaluated using the 11 OD Symptom Items, and respondents with 3 or more symptoms were classified as having 'OD symptoms' according to the Japanese clinical guidelines for juvenile OD (sensitivity 0.83, specificity 0.44, and positive predictive value 0.85).
17,18,31
Statistical analyses Data yielding descriptive statistics were collected over time on PIU and students' Internet activities. Those who only partially completed the IAT were not included in the analysis. The prevalence trends of PIU and Internet activities over time were analyzed by the CochranArmitage test, and χ 2 -tests were used to determine sex differences in Internet activities. The prevalence of PIU was obtained for all sociodemographic lifestyle factors and health-related symptoms, with χ 2 -tests assessing correlations. To further examine the association between PIU and sociodemographic lifestyle factors and healthrelated symptoms, binominal logistic regression analyses stratified by grade were performed. The dependent variable was PIU, and the independent variables were all remaining variables, including demographics, lifestyle factors, and health-related symptoms. The unadjusted odds ratios (model 1) and the fully adjusted odds ratios (model 2), which included sex, presence (or not) of a person of trust to talk to, degree of sleepiness after awakening in the morning (sleepy, a little sleepy, or well), skipping breakfast (not every day or every day), exercise habits (none, 1-3 days a month, 1-2 days a week, or 3 days a week or more), weekday study time per day (less than 1 h, 1-2 h, 2-3 h, or more than 3 h), bedtime (after 24.00 hours, 23.00-24.00 hours, or before 23.00 hours), depressive symptoms (yes or no), and OD symptoms (yes or no), were calculated with 95% confidence intervals. The associations between duration of Internet use and lifestyle habits were examined by χ 2 -tests. The study's level of statistical significance was set at <0.05. All statistical analyses were performed using SAS 9.4 (SAS Institute Inc., Cary, NC, USA).
Results
A total of 2789 students completed the IAT (response rate = 96.6%). The overall IAT score was 30.6 AE 12. The proportion of students with severe PIU was relatively low; therefore, we have defined 'PIU' in this study as individuals with scores indicating they had mild or severe PIU (IAT ≥ 40). Table 1 shows the prevalence of PIU over time. Over the 3 years, the prevalence of PIU was approximately 18% (2014, 19 Table 2 shows the students' Internet activities. The percentage of video downloaders was high for both sexes. Among boys, the proportion of those who played games was significantly higher than among girls, but among girls, the proportion that used LINE, a free application for smartphones, which is often used for group chats, was significantly higher than among boys. The proportion of those using the LINE application has been on a significant upward trend from year to year (Cochran-Armitage test, P-value < 0.01). Tables 3 and S1 show the associations between PIU and lifestyle habits, depression symptoms, and OD symptoms for each grade. In the adjusted model, skipping breakfast, late bedtime (after 24.00 hours), and OD symptoms had a significant positive association with PIU. Sleepiness after awakening in the morning, less studying time, and depressive symptoms had significant positive associations with PIU, except among 1st grade students, whereas, a lack of exercise was significantly positively related to PIU only for 1st grade students. Sex was not related to PIU, and not having a 'person of trust to talk to' seemed to be positively associated with PIU, though the association was not significant. Tables 4 and S2 show the associations between the 'duration of Internet usage' and lifestyle habits. Lifestyle habits were significantly associated with the duration of Internet usage, except exercise habits among 2nd grade students. The longer the students used the Internet, the more likely their lifestyle habits were affected, especially their bedtime.
Discussion
Over the 3 years, the prevalence of PIU (IAT ≥ 40) was approximately 18% (2014, 19.9%; 2015, 15.9%; 2016, 17.7%). There was no significant change in PIU over the years in this study. As the grade increased, PIU showed an increasing trend. A sex difference was also found for Internet activity. There was a significant increase in the use of LINE for both boys and girls over the years. The results from a multiple logistic regression indicated that disturbed sleep habits, less study time, and depressive and OD symptoms were significantly associated with PIU. A large-scale survey on the prevalence of PIU among junior high-school students in Japan was conducted for the first time in 2012 by the Health Laboratory Research Group using Young's diagnostic criteria.
14 The survey's results showed a 6% prevalence of PIU among junior high-school students nationwide, which was estimated to be 510 000 adolescents. Afterward, the Ministry of Internal Affairs and Communications conducted a large-scale survey on the prevalence of PIU, targeting approximately 10 000 junior high-school students in Yokohama, an urban area, in 2015. 15 This survey used Young's IAT, the same instrument that was used in our study, and reported the following prevalence: 5.7% showed severe PIU, and 48.8% showed mild PIU. 15 In addition, Kawabe et al. conducted a survey using Young's IAT in a sample of approximately 1000 junior high-school students in a suburban area of Ehime in 2016 and reported that 2.0% of the students showed severe PIU and 21.7% showed mild PIU. 16 The prevalence in our study was 2.0% with severe PIU and 15.8% with mild PIU, which is lower than that in previous studies. Regional differences may be due to differences in ownership of mobile phones or smartphones. A previous study found an association between ownership of smartphones and PIU. 16 Our study also found a positive relation between higher-grade level (year in school) and higher ownership rate of mobile phones or smartphones, which is similar to previous studies, 15, 16 and an increase in the prevalence of PIU (Table 1) . While the ownership rate of smartphones was 73.1% in the Yokohama survey 15 and 42.5% in the Ehime survey, 16 the ownership rate of mobile phones and/or smartphones in our study was 55%. As our study did not ask about ownership of smartphones alone, we could not simply compare them, but we did at least find that the penetration rate of smartphones in our study area was lower than that of the urban area of Yokohama. In the present study, the prevalence of PIU over the 3-year period did not increase (Table 1) . One reason might be that the mobile-phone ownership rate has not increased rapidly. However, since the prevalence of PIU might rise as the smartphone penetration rate increases in the study area in the future, attention should be devoted to this issue. Other reasons for the lack of an increased trend in PIU prevalence include the possibility of education about the Internet and existing rules of schools or regional units regarding mobile phones and smartphones, which may also be other reasons for regional differences. Particularly among those who use social networking services, bedtime is often late because chatting with school friends is not interrupted; therefore, school-based Internet use strategies may be effective. Indeed, efforts have been made to create rules to limit Internet use in some areas, with positive effects, such as increased time spent studying and sleeping. 32 In this study setting, each junior high school could have made efforts to limit Internet use by offering Internet education and creating relevant rules, but we did not conduct a survey on these specific issues. Further studies should focus on education about the Internet and existing rules of schools or regional units regarding smartphones in order to examine whether these factors affect the prevalence of PIU.
The proportion of students with PIU was slightly higher among female students, though the difference was not significant (Tables 1, 3 and S1), which is consistent with some previous studies in Japan. [14] [15] [16] It is possible that differences in students' Internet activities may be related to sex, which would lead to sex differences in the prevalence of PIU, 14 though no conclusions have been reported. 33, 34 In our research, the proportion of students who played games was high among boys, whereas the proportion of those who used the LINE application was high among girls (Table 2) , which is consistent with the trend reported in previous studies.
14,34 Moreover, Mihara et al. reported that the following common and sex-specific applications contributed to the increased prevalence of PIU: downloading (both sexes), online gaming (boys), social networking, and blogging (girls).
14 Boys and girls may have different psychosocial mechanisms leading to PIU, and understanding of these mechanisms will provide better management strategies for each sex. As mentioned earlier, it might be harder to disconnect from LINE because it is a chat application, and girls might be offended if one withdraws their participation while friends are present. The study's results revealed that the proportion of students who used LINE was on an upward trend among both boys and girls; therefore, preventive measures against PIU and bullying might be needed. In this study, we evaluated the associations between PIU and lifestyle (sleep, study, and exercise habits) and found that PIU was significantly associated with sleep habits, such as bedtime, sleepiness after awakening in the morning, and skipping breakfast (Tables 3 and  S1 ). Previous studies have also reported an association between PIU and sleep deprivation, 3, 35 and a survey conducted by the Ministry of Internal Affairs and Communications also reported that students' sleep time was longest when the amount of time was reduced by using the Internet, 15 which supports our results. On the other hand, PIU and study and exercise habits were significantly related, but for some grades, the associations were not significant. Our study also found the same relationship pattern between duration of Internet usage and lifestyle habits (sleep, study, and exercise), suggesting that junior high-school students experience sleep deprivation because of their Internet use (Tables 4 and S2) , which is consistent with previous reports 36 and supports our results regarding the association between PIU and lifestyle habits. Previous studies have also reported a relation between PIU and both academic performance 37 and physical activity, 33, 36 although such analyses by grade have not been sufficient. Our results suggest that sleep, study time, and exercise time are reduced due to PIU.
Our study also found significant associations between PIU and psychological factors, including depressive and OD symptoms (Tables 3 and S1 ). Moreover, not having a person of trust to talk to seemed to be positively associated with PIU, though it was not significant. Previous studies have reported associations between PIU and both loneliness 38 and parent-child relationships. Our results regarding the relation between not having a person of trust to talk to and PIU support these previous findings. Furthermore, many prior studies have reported a relation between mental health, especially depressive symptoms, and PIU, [6] [7] [8] [9] 39 which is consistent with the results of our study. The reasons for the association between PIU and mental health have not been fully elucidated, but serotonin gene polymorphisms (e.g., 5HTTLPR), commonly associated with PIU and depression, has been reported to be involved. 8 Meanwhile, as the Internet provides a virtual world of escape from reality, some students experiencing loneliness or depressive symptoms might be prone to developing PIU. Further studies are needed to examine this issue. Individuals with PIU have been reported to have physical symptoms, such as fatigue due to insufficient sleep, 4 and we found a significant association between PIU and OD symptoms, as these physical symptoms might overlap with OD symptoms. These are the first results regarding the association between PIU and OD symptoms. A previous study reported that patients with circadian rhythm disorder showed high complications with OD, 19 suggesting a link between circadian rhythm and cardiac autonomic control. Our results showed that PIU is related to both sleep deprivation and OD; thus, PIU might be related to OD via a disturbance in circadian rhythm. However, we cannot infer causality due to the crosssectional design of this research. Further research focusing on circadian rhythm is thus necessary.
The strength of this study is that we broadly examined the factors related to PIU among junior high-school students in Japan and clarified the relationship of PIU with sleep and psychological factors using scores on validated instruments (IAT, DSRS, and the 11 OD Symptom Items). We also conducted a survey for 3 years in the same setting and examined Internet use and the prevalence of PIU over time. However, the study has some limitations. First, an IAT score ≥ 40 was taken as indicating PIU in this study, but it was not diagnosed by a doctor. Therefore, we might be overestimating the prevalence of PIU and related factors. 40 However, our results may be useful for the prevention and early detection of PIU for junior high-school students in the general population. Second, this study does not consider the association of family-related factors with PIU, such as parent-child relationships and family discord. [41] [42] [43] [44] The lack of a person of trust to talk to might indirectly indicate that the parent-child relationship is not good; however, it is important to conduct research that includes family-related factors in the future. Third, categorical responses for our lifestyle variables, such as exercise frequency or sleep, were not validated, although the questions were based on a survey in Japan. 20 Studies on both validated and quantitative scales would be required. Furthermore, since the subject of this study is limited to junior highschool students in rural areas, caution in generalizing the study's results is needed. Finally, because of its cross-sectional design, causality cannot be inferred from this study's results, and it did not make statistical adjustments among the factors. Longitudinal studies are needed to clarify the relations between PIU and each factor.
In conclusion, the prevalence of PIU (IAT ≥ 40) among junior high-school students in a rural area of Japan was approximately 18%, and there was no significant change in PIU over the examined years in this study. Overall, the results suggest that PIU reduces sleep, study, and exercise time and that it is related to depressive and OD symptoms. Further investigations are needed to develop preventive measures for PIU. Supporting information Additional Supporting Information may be found in the online version of this article at the publisher's web-site: Table S1 . Association between problematic Internet use and lifestyle habits or health-related symptoms in 1st and 2nd grade students. Table S2 . Association between Internet use and lifestyle habits in 1st and 2nd grade students.
